Measurement of the local cerebral metabolic rate of glucose (LCMRGlc) with the fluorodeoxyglucose (FDG) method requires the utilization of appropriate val ues for the rate constants of the transport and phosphor ylation processes, We measured these rate constants as a function of age to determine whether a decline in LCMRGlc as a function of age, in prior studies with the
The deoxyglucose method originally developed by Sokoloff et aL (1977) and applied to humans by Reivich et aL (1979) , Phelps et aL (1979) , and Huang et aL (1980) provides a measurement of the local cerebral metabolic rate of glucose (LCMRGlc). The Sokoloff model, as modified by Phelps et aL (1979) and Huang et aL (1980) , requires the rate constants kl* and k2* for forward and reverse membrane transport of fluorodeoxyglucose (FDG), and k3* and k4* for phosphorylation of FDG and dephosphory lation of FDG-6-P04' Prior investigations have demonstrated that in altered states of metabolism, values obtained for LCMRGlc can be in error if inappropriate rate constants are used (Hawkins et aI., 1981; Huang et aI., 1981) . Specifically, under estimation and overestimation of the true metabolic rate in hypo metabolic and hypermetabolic states Address correspondence and reprint requests to Dr. Hawkins at Division of Nuclear Medicine, Department of Radiological Sciences, UCLA School of Medicine, Los Angeles. California 90024.
Abbreviations used: CMRGlc, Cerebral metabolic rate of glu cose; FDG, fluorodeoxyglucose; LCMRGlc, local cerebral met abolic rate of glucose.
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FDG method, actually represents changes in the rate con stants, We found that measurements of LCMRGlc are not significantly affected by changes in rate constants as a function of aging, and that LCMRGlc did not change sig nificantly with age. Key Words: Aging-Fluorodeoxy glucose-Local cerebral metabolic rate of glucose-Rate constant.
may occur, although the most significant errors occur in hypo metabolic states.
Several investigators have demonstrated a de cline in the rate of human cerebral glucose metabo lism (CMRGlc) as a function of age, using inert gas clearance methods for measuring flow and cal culating glucose metabolism as the product of cere bral blood flow (CBF) and cerebral A-V glucose difference (Dastur et aI., 1963; Gottstein et aI., 1971; Gottstein and Held, 1979) . Kuhl et aL (1982) made similar observations with positron tomogra phy and the FDG method. We evaluated the rate constants in order to determine whether the ob served decline in metabolism actually reflects a change in rate constants and to search for any selective alteration in the transport or phosphoryla tion processes as a function of age.
MATERIALS AND METHODS
Eight neurologically normal volunteers, 7 males and 1 female. were studied. Their ages were 18, 21, 28, and 32 (group I) and 53, 58, 63, and 68 (group 11).
All subjects were given 10 mCi [18F]FDG i.v. and scanned with a N euroECA T positron tomograph (image resolution 11.7 x 11. 7 mm FWHM in plane and 13. 4 mm axially, in the operating mode employed in this study) for -3 h. Ten 2-min images were obtained, followed by 10 5-min images and approximately 11 lO-min images. Three image planes were examined si multaneously. The approximate scan levels were parallel to the canthomeatal line through (1) the centrum semiovale, (2) the basal ganglia/thalamus, and (3) the posterior fossa/inferior temporal lobes. Serial plasma FDG sampling and multiple glucose determinations were performed. Region of interest data was obtained from the images, and the rate constants were calculated. This pro cedure has been described in detail elsewhere (Phelps et aI., 1979; Huang et aI. , 1980) . Approximately 50 regions of interest were selected and examined in all subjects (three levels) in each of the 30 images obtained over the 3-h study period, for a total of 1500 regions of interest per study. Regions included the hemispheres on the upper two levels, specific selected cortical regions on all levels (e. g. , prefrontal cortex, lat eral frontal cortex, parietal cortex, etc.), subcortical gray regions (including the thalamus and basal ganglia), and frontal, parietal, and occipital white matter regions. All regions of interest were equal to or larger than the tomo graphic volume element of resolution size in the scanning mode employed. This minimized partial volume-related (Hoffman et aI. , 1979) variations in region of interest counts, as previously demonstrated by Mazziotta et al. (1981) . The same format was followed for all subjects, and individual regions of interest (irregular in shape) for each structure were reproduced and corrected for small posi tional changes that occasionally occurred.
The operational equation used in this study is that of Phelps et al. (1979) and Huang et al. (1980): where Ci* (T) is the cerebral concentration of FDG + FDG-6-P04 at a single time T, Cp is the plasma glucose concentration, LC is the lumped constant, ® denotes the operation of convolution, C p * is the plasma FDG con centration as a function of time, and
The lumped constant may be written (Sokoloff et aI. , 1977; Phelps et aI. , 1979; Huang et aI. , 1980) : Table 1 contains the values of rate constants ob tained from global (hemispheric) regions of interest and from averaged supratentorial gray and white matter regions (as described in Methods and Mate rials), in groups I and II and in the two groups com bined. The global values are based on averages from both hemispheres on the upper two levels of each study. Averaged rate constants from cortical and subcortical gray regions (not shown) did not differ significantly from the supratentorial gray average in Table 1 . Because of some variability in anatomy and positioning, regions in the posterior fossa were less reproducible than were supratentorial regions, and therefore were not included in the averages. Table 1 reveals no systematic differences in the rate constants between groups I and II. Specifically, there is no consistent change in rate constants re flecting forward and reverse FDG membrane trans port (k1* and k2*) or phosphorylation and dephos phorylation (k3* and k4*) of FDG and FDG-6-P04'
RESULTS AND DISCUSSION
(1) JLmol/100 g/min in group I and from -1.57 to 1.51 JLmoi/100 g/min in group II. The average values for these differences in each group were: group I, 0.28 ± 1.72; group II: -0.52 ± 1.38.
respectively. These rate constants are known to be directly related to Michaelis-Menten parameters (V m and Km) for transport and phosphorylation of glu cose (Sokoloff et aI., 1977; Huang et aI., 1980) . The stability of the rate constants with age is consistent with a prior study (Wheeler, 1981) in which Michaelis-Menten parameters for 2-deoxY-D glucose uptake in rat synaptosomes were found not to change with age.
As discussed in Materials and Methods, values for LCMRGlc can be obtained either from the FDG model (Eq. 1), with average sets of rate constants, or from the alternative equation (Eq. 5), if the exact rate constants for a specific region are known. In this way it is possible to test the relative accuracy of selected sets of rate constants compared to rate constants specific for a given re gion (Le., by generating values for LCMRGlc with Eqs. 1 and 5, respectively). In Fig. 1 , the global values of LCMRGlc in groups I and II based on global rate constants (obtained from global regions of interest) versus average global values of LCMRGlc obtained with averaged supratentorial rate constants (assuming the brain to be composed of 50% gray and 50% white matter) are shown. The values obtained with either method do not differ significantly (p > 0.05, t test)!, either within each group (i.e., comparing values obtained with Eqs. 1 and 5) or between the groups (i.e., evaluating CMRGlc as a function of age). Values obtained were: group I average = 29.61 ± 6.57 and 29.89 ± 6.90 JLmol/lOO gimin with exact and average rate constants, respectively; group II average = 29.38 ± 1.49 and 28.86 ± 1.84 JLmol/lOO gimin with exact and average rate constants, respectively .
In a prior study of the effects of aging upon CMRGlc with the FDG method, Kuhl et aI. (1982) found a slight decline in CMRGlc with age, using an average set of rate constants and Eq. 1. Linear re gression analysis of that data results in the following regression equation (where y is CMRGlc and x is age): y = 31.9 (±2.33) -0.129 (±0.048)x. Standard errors are in parentheses. The correlation coeffi cient is 0.40. The 95% confidence interval for the estimated slope in the regression line is -0.225 to -0.033, implying that the decline of CRMGlc with age is statistically significant (p < 0.05) (Le., a zero or positive slope value is not within the 95% confi dence interval). In this study, a comparable linear regression analysis for the eight subjects (using the values of CMRGlc calculated with Eq. 5 and the directly measured rate constants) yields: y = 31.46 (±4.51) -0.055 (±0.096)x. The correlation coeffi cient is 0.23. The 95% confidence interval for the slope is -0.247 to 0.137. Because zero is within the 95% confidence interval of the estimated slope, no significant change of CMRGlc with age can be claimed from data in this group alone. How ever, both the y-intercept value (31.46) and slope (-0.055) from the current study are within the 95% confidence intervals of the study by Kuhl et aI. (1982) . This suggests that our smaller subject popu lation is not statistically different from the larger group reported by Kuhl, based on CMRGlc values. Because of the statistically insignificant effect of changes in the rate constants between groups I and II in this study, the observed, although small, de cline in global CMRGlc with age in the Kuhl study cannot be attributed to changes in a specific rate constant. The small correlation coefficients in both our study and that of Kuhl et aI. suggest that further study is necessary to establish whether a linear, or other, mathematical relationship exists between aging and CMRGlc.
Selected gray and white matter regions were also studied in a manner similar to the global results above. When we normalized the LCMRGlc values obtained with Eq. 1 relative to the values that use directly measured rate constants (Eq. 5), the LCMRGlc ratios obtained with average supra tentorial rate constants were 0.98 ± 0.09 and 1.00 ± 0.02 for the primary visual cortex, and 1.01 ± 0.07 and 1. 09 ± 0.20 for frontal white matter in groups I and II, respectively. The differences between the values in each group were not signifi cant. The larger standard deviation in white matter in group II probably reflects some increased sub ject motion compared to group I. Frontal white matter regions of interest can be sensitive to small shifts in position which would cause averaging of the white matter with the frontal horn of the lateral ventricle (Mazziotta et aI., 1981) . This effect was less evident in gray (mainly cortical) regions be cause better anatomic definition of these regions was possible.
Thus, measurements of LCMRGlc on both global and regional levels appear to be unaffected, even if there truly exist selective changes in the rate con stants as a function of age.
